Mixed-effect circadian rhythm model for human erythrocyte acetylcholinesterase activity--application to the proof of concept of cholinesterase inhibition by acorn extract in healthy subjects with galantamine as positive control.
The aim of this study was to develop a non-linear mixed effect circadian rhythm model of acetylcholinesterase (AChE) activity variation and to evaluate the inhibitory effect of acorn extract (2 g) and galantamine (16 mg), used as positive control, on human AChE in red blood cells (RBC). This was an open-label, randomized, three-way crossover study involving 12 healthy subjects who received one of the treatments in each study period: no treatment, acorn extract, and galantamine. RBC AChE activity was measured in peripheral blood samples collected at 0 (pre-dose), 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14, 16 and 24 h post-dose administration. Non-linear mixed effect modeling was performed using NONMEM (ver. 7.0). The circadian variation of AChE activity was best described using two mixed effect cosine functions, with periods of 24 and 12 h, respectively. When the inhibitory effect terms were added, the model was significantly improved for both acorn extract and galantamine. In terms of the effect, a 2-g single dose of acorn extract showed AChE inhibition (about 5%) similar to that of a 16-mg single dose of galantamine, in the first 24 h after administration. Based on the very pronounced inter- and intra-day variation in AChE activity in RBC, we conclude that the model-based approach is essential for the proof of concept and quantitation of AChE inhibition in human subjects.